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Abstract. Data warehouses are large data repositories integrating data from
several sources that support decision making. Although, traditionally, data
warehouses have been designed using the ‘well-known’ star schema, some
design methodologies have come into existence in recent times. These new
methodologies have not only focused on logical design: they also propose
performing a conceptual modeling using UML. At present, it is widely accepted
that modeling using packages simplifies the management and understanding of
the designs.Until now, however, this statement has not been empirically proved
in the data warehouse field. In this paper, we present an empirical study whose
aim is to check whether using packages in designing data warehouses makes
them more understandable.
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1. Introduction

As transactional information systems have become more mature, agile and stable,
business information needs have been changing at a similar pace. [24]. Nowadays,
companies store large amounts of data, proceeding either from their operational
systems, or bought at really low prices. One of the main problems that companies
must face is that those data do not provide information on their own [9]. In order to
solve that problem, companies are increasingly adopting products based on data
warehouse technology. A data warehouse is defined as an integrated database that is
used mainly in corporate decision making [14][19].

Data warehouses have become one of the most important trends in business
computing, as they provide relevant and precise information for improving strategic
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decisions. In fact, some authors [15][22] have predicted a market of 12 to 15 billions
dollars in the data warehouse field for the near future, and foresee annual increments
of 20% [7].

Currently, several lifecycles and development techniques are being proposed for
building data warehouses [1][6][12][16][17]. In these methodologies, one of the most
important steps is modeling the data warehouse.

This modeling can be done at conceptual level — such as in the proposal of
[4][10][11][6][20] -; at a logical level —for which the use of the star-schema design is
universally accepted, providing good response times and an easy understanding of
data and metadata from the points of view of the user and developer [17] -, and also at
a physical level — as the designer has to choose the physical tables, the indices and
data partitions which best represent the logical data warehouse thus facilitating its
functionality. [3][15] -.

When producing a conceptual model of a data warehouse, object-oriented
modeling languages such as UML are usually employed [21]. When modeling with
UML, it is commonly accepted that using packages simplifies the design and
improves the understanding of the schema. However, until now, that statement has not
been proved in the data warehouse field empirically.

In this paper, we present an experiment we have carried out to investigate if
conceptual models of data warehouse that use UML packages are more
understandable than those that do not use packages.

The following section shows the hypotheses and goals of our experiment. In
sections 3 and 4 we can see the planning and execution of that experiment. The fifth
section deals with the analysis and interpretation of the study’s results. In the final
section we discuss the conclusions drawn from this paper.

2. The Goals of the Experiment

The goal of our empirical study is to determine if the UML conceptual models using
packages are more understandable that those that do not use them.

Formally, we can define the goal of our experiment using GQM [26], as shown in
table 1.

Table 1. Experiment goal definition

To analyse The using of packages

To Evaluate

With respect to Understandability of UML models
From the point of view of Designer

In the context of Computer Science students

3. The Planning of the Experiment.

Our study is composed of one controlled experiment carried out by Ph.D. students
from the University of Alicante (Spain) and one replica of that experiment which was
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developed by final-year Computer Science students from the University of Castilla —
La Mancha (Spain). These experiments were performed using the recommendations
that can be found in [8][18][23][27].

These experiments are part of a family which we expect to allow us to get the
necessary knowledge to draw significant conclusions that can be applied in practice
[2]. This family of experiments has been planned according to the method proposed
by [8].

Although it could be advisable to use practitioners as experimental subjects, in
reality it is quite difficult to have such subjects, so we did the experiments with
students [5]. In this kind of experiments we consider that working with students, as
we did, is perfectly valid, as they are the next generation entering the profession.
Besides, the size of the actual difference between students and practitioners is small
and the experimental tasks proposed in several experiments do not require industrial
experience. Hence we can consider that it is viable to experiment with students, as is
the case here... [2][13].

All the students taking part in the experiment have some knowledge in design and
use of data warehouses, having studied these subjects as part of their academic
training. The Ph.D. Students from the University of Alicante were those enrolled on
an advanced course on data warehouses. Students from the University of Castilla — La
Mancha were studying a subject in which data warehouses had been explained.

The proposal for the experiment was that it should be done by two different groups
of subjects. The first group was to do a set of exercises using a complex data
warehouse model and the second group had to work with a semantically equivalent
model, but which had packages incorporated into the design. Models showed a real
system representing a basic domain (supply chain) so as to be easily understood.

To do the experiment, we divided the subjects into two well-balanced groups. Each
one of these would have to work on an exercise for one of the models (with packages
or without packages). To form the groups we gave subjects a questionnaire analyzing
their knowledge of UML, packages and data warehouses. Using the results of these
questionnaires we divided the subjects in the balanced classification we have
mentioned.

3.1. Hypotheses

The hypotheses of our experiment attempts to summarize the goals that we pursue in
performing it.

Hy: There is no difference between the results obtained by the two experimental
groups.

H]Z _'HO

3.2. Variables

The Independent variable in our experiment corresponds to the type of design used for
creating the schemas (DESIGN_TYPE). Dependent variables are:
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Effectiveness, defined as the number of correct answers with respect to the number
of total questions.
Number of Correct Answers

Effectiveness = -
Number of Questions

Efficiency, which can be calculated as the number of correct answers per time unit.

. Number of Correct Answers
Eficiency =

Time

Our goal is to observe how the design type affects these two dependent variables,
and to see if there is any kind of differences in the behaviour of the subjects,
depending on which exercise they were doing.

3.3. Objects used in the experiment

In this experiment we used a conceptual data warehouse schema, which was designed
using packages, and another schema, semantically equivalent to the first one,
designed without using packages. Both schemas represented an UML design of a
supply chain data warehouse.

Subjects were given the experimental documentation in which they found the
instructions for carrying out the exercises and an example of how to do the proposed
task- then they could find the design of the data warehouse. After that, a set of
exercises were proposed. Subjects were responsible for writing down their starting
and finishing time for the exercises.

4. The Execution of the Experiment.

The experiments were carried out in two sessions: in one of them the subjects did the
knowledge-assessment test. After analysing these tests, we classified the subjects into
two well-balanced groups. In the second session, we did the experimental tasks.

At the beginning of the second session, we gave an intensive explanation about
what kind of exercises the subjects were going to find, how they had to deal with
them and what kind of documentation they would receive in order to do the
experiment. However, subjects were not aware of the aspects we aimed to study,
neither had they any knowledge regarding the hypotheses stated above. In addition,
they did not know that there were two kinds of schemas, nor to which one they were
assigned.

A supervisor controlled the experiment, ensuring that .it was being carried out
correctly. This person answered the questions that arose during the course of the
experiment.
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4.1. Validity of results

To avoid some possible threats to the results of the experiment, we decided to take

some measures to improve the whole empirical work:

e Experimental subjects were divided into two well-balanced groups according to
their knowledge of UML, packages design and data warehouses.

e The domain of the schemas was common and simple enough, so there were no
problems in understanding them on this count.

e This was the first time that the subjects had taken part in an experiment like this.
Persistence effects were lessened accordingly.

e The Subjects were motivated, as the exercises they did in the experiment were part
of the knowledge they are supposed to acquire in the subject. Also, as they were
final-year students and Ph.D. students, they were interested in learning how to
conduct an empirical study like this.

e Subjects were not allowed to talk to each other. We did not permit them to look at
their companions’ exercises either.

e All their questions and doubts were answered by the supervisor conducting the
experiment.

e In order to avoid problems with time recording, we projected a digital clock onto
the wall during the experiment.

5. Analysis and Interpretation

Before analysing the results of the experiment, we studied the collected data with the
aim of erasing the values given by those subjects whose behaviour was not
comparable to the rest of the subjects of the sample. Firstly, we noticed that subject
number 13 of the replication experiment had neither answered the exercises correctly
nor had written down the time spent in doing them. This subject was not considered in
the rest of the analysis.

As a second step we analysed the data, looking for outliers. To perform this kind of
analysis we made box plots for the dependent variables of our study. These box plots
are shown in figures 1 and 2 (original experiment) and 3 and 4 (replica).
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Fig. 1. Box plots for effectiveness variable in the original experiment
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Fig. 2. Box plots for efficiency variable in the original experiment.
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Fig. 3. Box plots for effectiveness variable in the replica experiment
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Fig. 4. Box plots for the efficiency variable in the replica experiment

As we can see in the box plots (figures 1, 2, 3 and 4) there are neither strange nor
extreme values, except when we are considering the efficiency of the original
experiment. In that experiment subjects 4 and 9 have strange values and were not
considered in the analysis stage. The rest of the data were used in the statistical
analysis.

Before doing the statistical analysis we established a significant level of o = 0.1, as
one way to be able to increase the power of the statistical tests (that is, the probability
of rejecting our hypotheses when they are false) is increasing the significance level.

Bearing in mind the study goals, the experiment configuration and the collected
data we used a multivariate ANOVA test [25].

The results that we obtained from the application of the statistical test to the
data collected in the original experiment are shown in table 2. Analysing the
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significance value, with respect to the a level (o = 0,1), we can see that the
significance value for the effectiveness variable is greater than a, and thus we cannot
reject the null hypothesis (Hy: There is no difference due to the design type between
the effectiveness in answering the exercises). On the other hand, we can see that the
significance values for the efficiency variable are less than o and we can conclude that
there is difference between the results of the subjects who used the design with or
without packages, respectively.

In order to see which of the two design methods has the best efficiency we can
observe in table 4 that the average efficiency of the subjects working with the schema
with packages was less than the average efficiency of the other group.

By observing tables 3 and 4 we can see that in the replica experiment, the results
are the same.

Table 2. ANOVA Analysis of the original experiment

ANOVA
Parameter
Source Dependent Type lll Quadratic of non- Observed
variable Square Sum _DF Mean F Significance centrality Power

DESIGN EFFECTIVENESS 0,166666667 1 0,16666667 1,76848875 0,19719336 1,768488746  0,3626088
TYPE
EFFICIENY 3,886E-06 1 _ 3,886E-06 3,37893039 _ 0,08093526 _ 3,37893039 _0,55229029

Table 3. ANOVA Analysis of the replica experiment

ANOVA
Type lll Parameter
Source Dependent Square Quadratic of non- Observed
variable Sum DF Mean F Significance  centrality Power
DESIGN EFFECTIVENESS 0,02620742 1 0,02620742 0,48369936  0,49058189 0,48369936 0,17831571
TYPE
EFFICIENY 7,6837E-06 1 7,6837E-06 5,67131025  0,02185308 5,67131025 0,75742899

Table 4. Mean differences in both experiments

Efficiency Original
Means Experiment Replica
Packages 0,0018 0,0027
No-Packages 0,0027 0,0035

As a conclusion from the analysis of the experiment, we can state that there are no
differences in terms of effectiveness when working with conceptual schemas of data
warehouses, regardless of the design method (with or without packages) we use.
However, with respect to efficiency, we can find that there are differences, because
the time spent in handling those schemas designed using packages is greater than in
handling those without packages, and this issue lessen its efficiency.

In spite of these results being opposed to common belief (that is better to design
using packages ), we must be aware that the result can be influenced by the fact that
the experiments were carried out using only pen and paper, without the help of a tool
for navigating through the schema. In this way, the schema designed by not using
packages were represented on only one sheet, while subjects using the other design
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had to go through several sheets in order to find what they were looking for, spending
more time in the exercises. Also, the size of the schema may perhaps affect the
results. We must go on doing more replicas of this experiment, to obtain more
conclusive results; but, at this point in time, we can conclude that it is not always
more efficient to design conceptual data warehouse schemas using packages.

6. Conclusions

Data warehouses are one of the main industrial trends in information systems, as they
help in strategic decision making.

Most of the proposed data warehouse design methodologies are based on making
designs of the data warehouse at different levels, conceptual, logical and physical.

Focusing on data warehouse conceptual modeling, it is the normal course to use
object-oriented designs and UML modeling language to design this kind of
conceptual schemas.

When using UML, it is widely accepted that using packages organizes the schema
and simplifies its use. Although this statement is commonly held to be true, nobody
has empirically demonstrated its veracity in the data warehouse field. We have done
an experiment to prove whether or not this is the case...

Our experiment concludes that there is not likely to be any difference regarding
effectiveness between subjects working with the schemas designed with or without
packages. With respect to efficiency, it seems that subjects working with schemas
without packages are more efficient than those using the same schema designed with
packages.

The way in which the experiment took place can affect the result, because the
exercises were done using only pen and paper. Our next goal is to prove if these
results are valid when working with a tool that helps us in navigating through the
schemas.
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